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ABSTRACT
This thesis documents a correlational study of wayfinding experience and survey
and route knowledge in a large, complex building. Twelve patient transport personnel
who work in a very large, regional hospital facility participated as wayfinding subject
matter experts. This correlational study addresses three primary research questions. Do
more experienced patient transport personnel have more accurate survey knowledge of a
large, complex building than less experienced patient transport personnel? Do more
experienced patient transport personnel have more accurate route knowledge of a large,
complex building than less experienced patient transport personnel? Do more
experienced patient transport personnel choose more efficient routes in a large, complex
building than less experienced patient transport personnel? The study measures survey
knowledge using a pointing task and a mapping task. The study measures route
knowledge and route efficiency using a route diagramming task. Linear and nonlinear
regression analyses are used to analyze the data. The results of this study may contribute
to a deeper understanding of the relationship between wayfinding experience and survey
and route knowledge, as well as offer insights into how to better design wayfinding
training materials and methods and building signage.
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INTRODUCTION
Objective
This proposal describes a correlational study of wayfinding experience and survey
and route knowledge in a large, complex building. The subject matter experts are patient
transport personnel who work in a 1.8 million square foot regional hospital facility. This
correlational study addresses three primary research questions. Do more experienced
patient transport personnel have more accurate survey knowledge of a large, complex
building than less experienced patient transport personnel? Do more experienced patient
transport personnel have more accurate route knowledge of a large, complex building
than less experienced patient transport personnel? Do more experienced patient transport
personnel choose more efficient routes in a large, complex building than less experienced
patient transport personnel?
Overview
This study design was built around the opportunity presented by access to a
unique and specific population – patient transport personnel at a large, complex, regional
hospital. Studying the performance of patient transport personnel may provide useful
data with respect to the role of experience in encoding survey knowledge and route
knowledge in large, complex indoor environments because patient transport personnel
make hundreds of trips in the hospital in a given month and thousands to tens of
thousands of trips in the hospital during a career. The need for studies on wayfinding in
hospitals is best summarized by Ulrich, Xioabo, Zimring, Joseph, and Choudhary (2004),
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who consider the complexity and unintelligibility of contemporary hospitals to be one of
the grand hospital design challenges of the 21st century. In this study, wayfinding
experience was varied by sampling transport personnel with a range of experience levels
at the hospital studied. The complexity of routes was chosen to ensure that nonoverlapping routes of average or above-average complexity were used in the route
knowledge assessment tasks when possible.
Wayfinding
Wayfinding has been defined in a variety of ways but generally entails navigation
between origins and destinations relying on a mix of landmark, route, and survey
knowledge. Devlin & Bernstein (1995) identify wayfinding as how people, “…orient
themselves and navigate in spatial environments.” Conversely, Passini, Pigot, Rainville,
and Tétreault (2000) identify wayfinding as a person’s ability for, “…mentally imagining
or representing a physical setting and of situating him or herself spatially within that
representation…” Perhaps Golledge (1999) offered the simplest yet most comprehensive
definition of wayfinding when he said that wayfinding is the, “…process of determining
and following a path or route between origin and destination.” Other variants of these
wayfinding definitions exist. But these references illustrate that definitions of wayfinding
entail both physical action within environments and mental representations of the
characteristics of environments. Mental representations of environments are thought to
encode three types of spatial data: landmark knowledge (i.e., semantic memory of the
characteristics of salient environmental features), route knowledge (i.e., semantic and
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procedural memory of sequences of decisions and movements that occurred while
traversing a particular route), and survey knowledge (i.e., semantic memory of metric
spatial relationships in an environment). Each type of wayfinding knowledge is
elaborated upon below.
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LITERATURE REVIEW
Landmark Knowledge, Route Knowledge, and Survey Knowledge
Landmark Knowledge
Landmark knowledge is knowledge about the distinguishing characteristics of
points in space (Wiener, Buchner, Hölscher, 2009). Landmarks are distinct features
within an environment that serve as points of reference for navigation. For example, in
any given environment, there may be an object or phenomenon (such as a surface,
building, plant, mountain, animal, sound, color, or light) that stands out as a distinct and
enduring feature in that environment and is therefore used by people navigating in that
environment to confirm where they are and in what direction they are heading. The
distinctness of a landmark is known as its salience. The more distinct and enduring a
landmark is in comparison to its environment, the greater its salience. Landmark
knowledge is encoded in semantic long-term memory that can be recognized and recalled
during future encounters with the salient landmarks.
Route Knowledge
Route knowledge is knowledge about how to move from one point to another
point using recall and recognition of sequences of landmarks from semantic memory,
procedural knowledge of body movements and decisions, and route planning (Wiener et
al. (2009); Taylor and Tversky (1992a)). People may use their procedural knowledge of
what it feels like (based upon their proprioception and kinesthesia) to navigate from start
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point to end point whether or not landmarks exist along a route. If there are landmarks
along a route, they may serve as a confirmatory set of information that reinforces the
perception that a person is navigating the intended route, or conversely, landmarks may
cue useful procedural knowledge about navigating the route, such as the location of a key
directional decision or when to change the type or rate of locomotion.
Route Planning
Route planning is a construct related to route knowledge that focuses on the act of
developing a concept (or plan) of how to navigate from one point to another before doing
so or on-the-fly while traversing the route. Route planning may be based on prior route
traversing experience or use of a navigational aid, such as a physical map, or survey
knowledge (i.e., a mental map). When based on prior experience, route planning
involves a sense of the sequence of motions, turns, inclines, and speeds one must enact,
as well as the landmarks one must encounter, in order to move from one point to another.
Route planning tends to be guided by heuristics, such as the least-angle strategy (Conroy
Dalton, 2003), fine-to-course region-based strategy (Wiener and Mallot, 2003), shortestdistance strategy (Gärling, 1995), least number of turns strategy (Golledge, 1995), and
the central point, direction, and floor strategies (Hölscher et al., 2006). These heuristics
lead people to choose routes that are in some way preferential given other priorities. For
instance, the central point strategy presents when people navigate between origin and
destination by first traveling to a central point in the region where the origin is located,
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then traversing to a central point in the general region in which the destination is located,
and then traversing to the destination from the central point in its region.
Survey Knowledge
Survey knowledge is knowledge about the abstract relationship of points and
objects in space (e.g., location, bearings, orientation, distance) (Wiener et al., 2009) or,
metaphorically, a mental map. Survey knowledge is also encoded in long-term semantic
memory but entails general cognitive processes (i.e., more than recall and recognition).
Survey knowledge enables reasoning about the spatial and temporal relationships that
exist between perceived phenomena and then using knowledge of those relationships to
inform comprehension of one’s current position and where other features exist in relation
to one’s position. For instance, a person may realize that when driving home from
downtown at dusk, the setting sun is in front of him/her. He/she may have some other
abstract knowledge that the sun sets in the west, therefore the person reasons that the
person’s home must be west of downtown and therefore the barn further down the road
must be west of the person’s home. Survey knowledge is useful for making predictions
about where things should be in space and how it should be possible to navigate between
points given known positions and characteristics of some features in the environment.
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The Development and Evolution of the Landmark, Route, and Survey Knowledge
Constructs
The basis for the landmark knowledge, route knowledge, and survey knowledge
constructs is well-established. Research suggests that people go through a developmental
progression such that they initially learn landmarks in an environment, followed by
routes, and lastly survey knowledge (Siegel and White (1975); Thorndyke, Hayes-Roth,
and Stasz (1980)). This learning model is based upon a confluence of ideas that include
1) a Developmental psychologists’ views that the development of brain functioning and
behavior occur in stages (e.g., Werner & Kaplan (1963) as cited in Siegel & White
(1975), p. 17; Piaget & Inhelder (1967) as cited in Siegel & White (1975), p. 40) ; 2)
Cassirer’s view that spatial knowledge develops at three levels of integration that roughly
correspond to landmark, route, and survey knowledge (Cassirer (1944) as cited in Siegel
& White (1975), p. 16; Cassirer (1955) as cited in Siegel & White (1975), p. 16); 3)
Jackson’s research indicating that cognitive processing and encoding of spatial
information occurs as a nested hierarchy of information with varying degrees of
abstraction that develops over time (Jackson (1958) as cited in Siegel & White (1975), p.
17); and 4) studies suggesting that survey knowledge is only possible after route
knowledge and an abstract frame of reference are developed (e.g. Piaget (1960) as cited
in Siegel & White (1975), p. 41; Schadler & Siegel (1973) as cited in Siegel & White
(1975), p. 41; Shemaykin (1962) as cited in Siegel & White (1975), pp. 40 & 44), . In
referencing Werner (1957), Werner and Kaplan (1963), and Cassirer (1944; 1955), Siegel
and White label the three “integrative levels” of spatial knowledge as action-in-space,

7

perception-of-space, and conceptions-about-space. The first two levels relate to
landmark and route knowledge, respectively, and are considered primary means of
wayfinding. Siegel and White (1975) note that the last of these integrative levels to fully
develop is conceptions-about-space. This latter integrative level is synonymous in
various literatures with the terms cognitive map, cognitive image, cognitive schema,
mental image, mental map, and survey knowledge. Siegel and White (1975) note four
typical characteristics of conceptions-of-space. Such mental representations of space 1)
contain a non-uniform level of spatial detail; 2) include systematic spatial distortions; 3)
are patchworks of pieces of mental representations rather than cohesive mental
representations; and 4) may include non-distal, non-visual information (e.g., sounds and
smells associated with a place).
The constructs and logic of wayfinding as summarized by Siegel and White
remain the theoretical basis of research on spatial knowledge, abilities, and wayfinding.
However, since Siegel and White’s seminal article, many alternative frameworks have
been proposed that qualify, extend, or modify the standard framework. These alternative
frameworks do not dispute that people develop landmark, route, and survey knowledge.
Rather these alternative frameworks offer different interpretations of how people develop
and use these types of wayfinding knowledge and the degree to which personal traits and
environmental characteristics affect the development of wayfinding knowledge.
Montello (1998) posits that survey knowledge develops continuously along with
landmark and route knowledge from a person’s first experience with an environment but
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that survey knowledge takes longer to develop and its development is more reliant on
integration with landmark and route knowledge than vice versa. Moeser (1988) finds that
development of survey knowledge may be more difficult in large, complex environments.
As a result, Moeser (1988) suggests that intentional learning of metric knowledge about a
complex environment may be required if one is to develop survey knowledge of it.
Tversky (1992) proposes the concept of a cognitive collage, and posits that cognitive
representations of routes and survey knowledge are not ‘maps’ but rather collages in
which survey knowledge is built up over time and tends to be more developed, accurate,
and comprehensive in the proximity of more salient landmarks and routes. This idea is
similar to Siegal and White’s (1975) idea of survey knowledge as patchworks. Similarly,
Foo, Duchon, Warren, and Tarr (2007) find that landmarks are used to improve path
integration and are a preferred method of wayfinding regardless of other available
information, echoing the idea that survey knowledge may be useful but may often be
non-essential for basic wayfinding. Literature on spatial hierarchies (e.g., nested
representational schemas for spatial information (see McNamara, 1986)), and alignment
effects (e.g., tendencies to perform better on spatial knowledge tasks when the correct
answers spatially align with salient environmental characteristics and/or semantic
memory schemas (see Werner and Schindler, 2004)), support the concept that
representation of metric knowledge is systematically distorted such that route and survey
knowledge are enhanced when the structures of routes and spatial relationships are
consistent with the structures of salient environmental characteristics and/or semantic
memory schemas and obfuscated when the structures of routes and spatial relationships
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are incongruous with the structures of salient environmental characteristics and/or
semantic memory schemas.
These alternative frameworks vary in detail but all suggest that encoding of
landmark route, and survey knowledge occurs in a more complex, symbiotic, and
continuous manner than a strict interpretation of the classical model of progression from
one qualitative stage of development to the next suggests. But a close reading of Siegel
and White indicates that they were aware of the likelihood of these various qualifications
to the constructs of landmark, route, and survey knowledge when they wrote, “Spatial
knowledge is elaborated at three integrative levels, analogous to Cassirer’s three orders:
action-in-space, perception-in-space, and conceptions-about-space. These systems
coexist in adults. The latest to become fully elaborated, and the most conceptually
sophisticated, arise out of symbol formation.” Given this, it is likely that experience with
an environment, its landmarks and its routes, affect the accuracy and efficiency of route
planning and the accuracy of survey knowledge over time. The current study assessed
the impact of experience with a complex indoor environment on development of route
and survey knowledge in order to determine whether or not a qualitative difference in
wayfinding performance may be identified as people accumulate experience wayfinding
in a complex indoor environment.
Familiarity, Expert Performance, and Experience in Wayfinding
Experience with an environment in wayfinding literature is discussed in two
primary ways. Some wayfinding literature presents and discusses familiarity with an

10

environment as a predictor of landmark, route, and survey knowledge. Some wayfinding
literature presents and discusses expert performance wayfinding in an environment as a
predictor of landmark, route, and survey knowledge. Neither familiarity nor expert
performance as they tend to be defined in existing wayfinding literature are well-suited to
describing the amount or quality of experience of the participants in this present study.
Therefore, in this study, participant experience will be referred to as experience and
nothing more. To explain why this is so, wayfinding literature associated with the
familiarity and expert performance characterizations of experience is summarized below.
Familiarity
Experience with an environment is often referred to as familiarity in the
wayfinding literature, and is considered a predictor of performance for landmark, route,
and survey knowledge assessments. Gale et al. (1990) suggested the following
dimensions of familiarity: recognition of place name, recognition of an image of a place,
recognition of a place’s location, and interaction frequency. There are no standard metric
definitions of familiarity. Most studies consider participants to be familiar with an
environment after a relatively short interaction. For instance, Hölscher et al. (2006)
considered participants familiar with an indoor environment if they had visited the indoor
environment at least twice before to attend a conference (each time for about one week).
Hölscher et al. (2009) considered participants familiar with an indoor environment if they
had visited the indoor environment at least once per week for two semesters. Montello
and Pick (1993) found that participants were adequately familiar with navigating a large,
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complex hospital to perform a series of survey knowledge assessment tasks after only 30
minutes of route walking and integration activities. Moeser’s (1988) participants, who
were considered familiar with a hospital, had between four and twenty-five months of
weekly experience at the hospital, though it is unclear how many hours per day and how
many days per week the participants were there. It is also unclear if the familiar
participants were primarily familiar with their own respective departments, or if they
frequently made trips throughout the hospital. Gärling et al. (1986) considered
participants familiar with a town after having lived in it for 1-2 months in one study and
12 months in another. Thus in just this sample of referenced studies, familiarity is
defined as anywhere between 30 minutes and 25 months.
Wayfinding studies that assess the effect of familiarity find some correlation
between familiarity and route and survey knowledge. Hölscher et al. (2006) found that
six participants who were familiar with a facility (had visited the facility during a 1-week
conference at least two times before) performed better than six participants who had no
prior experience at the facility with respect to route knowledge (time to complete route:
familiar M=95 sec, unfamiliar M=128 sec; route efficiency: familiar M=1.17, unfamiliar
M=1.55) among other measures. Hölscher et al. (2009) found a main effect for
familiarity, F(5,24)=4.84, p=.003, η2partial=.50, showing that sixteen participants who were
familiar with a facility (had visited the building weekly for at least two semesters)
performed better than sixteen participants who had no prior experience at the facility with
respect to route knowledge (time to complete route: familiar M=157, unfamiliar M=202,
F(1,28)=19.34, p<.001, , η2partial=.41; percentage above optimal path length (e.g., route
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efficiency): familiar M=52, unfamiliar M=98, F(1,28)=14.51, p=.001, η2partial=.34)
among other measures. With respect to survey knowledge, Moeser (1988) found that
participants with 25 months of work experience in a 5-story hospital created significantly
more accurate landmark and route maps, F(1,18)=6.74, p<.05) than participants with four
months of work experience in the building but no participants constructed maps that
included accurate survey information. A follow-up experiment by Moeser (1988) found
that there were no significant differences in survey knowledge mapping performance
between participants with seven months of experience versus 21 months of experience
and that the abilities of all participants to create survey maps were low. Gärling et al.
(1986) found that time of residency (more experience (12+ months) versus less
experience (1-2 months)) within a city resulted in no significant main effect on a pointing
task for the locations of target landmarks, but did result in a significant three-way
interaction with conditions and targets, F(2,66), p<.05.
Expert Performance
Extensive experience with an environment and/or activity and an associated high
level of performance is sometimes equated with expert performance in the wayfinding
literature, and is considered a predictor of performance for landmark, route, and survey
knowledge. However, whether or not it is appropriate to discuss expert performance with
respect to a wayfinding study is dependent upon how strictly one adheres to the canonical
characteristics of expert performance as defined by the subfield of psychology that
specializes in studying expert performance. Ericsson, Krampe, and Tesch-Romer (1993)
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summarize expert performance as performing the activities of a profession at an elite
level. They presented evidence that suggests that performing at an elite level requires
continued, incremental, intentional improvement for a given activity or set of activities
through frequent, deliberate, structured practice of the activity(ies) over a long duration
(typically 10+ years). They state that the characteristics of deliberate, structured practice
that help develop expert performance include:


Practicing a variety of related sub-activities over many iterations;
o e.g., for a musician, this would include practicing scales and
technical exercises, different styles of play in different keys and
with different tempos, writing music, studying the methods of
other musicians, practicing solo and in concert with other
musicians, and practicing within different environmental and social
conditions



focusing practice to develop/improve specific skills, i.e., neither play (i.e.,
unstructured performance of an activity without a specific goal to improve
performance) nor work (i.e., structured performance of an activity with the
goal of profitably completing an assignment without regard for its impact
on improving performance)



incentivizing skill and knowledge acquisition and improvement;



rest (i.e., the amount of practice is not so great that it degrades or inhibits
improvement).

Expert performance with respect to wayfinding has been studied in taxi drivers
(Woollett and Maguire, 2010; Chase, 1982; Golledge, 1999; Timpf, Volta, Pollock, and
Egenhofer, 1992) and bus drivers (Maguire, Woollett, and Spiers, 2006). But this
wayfinding literature typically defines expert performance differently. For instance, for
taxi drivers and bus drivers, developing experience occurs as part of work and not as a
result of deliberate practice. In addition, the level of experience sufficient to become a
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licensed taxi driver is described as roughly 2-4 years (i.e., well below the 10+ years
heuristic common in literature on expert performance) (Woollett, Spiers, and Maguire,
2009).
In particular, the 10+ years of experience threshold for assessing expert
performance may be an unrealistic heuristic because of the difficulty of accessing a
sample population with that much experience. Given these logistics of studying
wayfinding expert performance, it is typically described based upon some other criteria.
For instance, as noted above, Woollett, Spiers, and Maguire (2009) and Maguire,
Woollett, and Spiers (2006) considered London taxi drivers to be expert once they were
licensed (a process that normally takes 2-4 years). These same construct limitations exist
in other professional domains that adapt literature on expert performance. For instance,
studies that assess the development of expert performance by surgeons (Ericsson, 2004)
indicate that quality of performance correlates with frequency of performing the surgery
and expert performer is defined as an experienced surgeon who performs more surgeries
with, “…consistently better outcomes…” Similar to the literature on taxi driver
wayfinding, this establishes an experience benchmark for expert performance based upon
high-frequency iteration and variety of experience in a specialized domain that falls short
of the canonical characterization of expert performance. Similarly, Baker and Cöté
(2003) note that application of the canonical characterization of expert performance may
be too inflexible for studying development of expert performance in team ball sports
athletes.
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Wayfinding studies that assess the effect of expert-level experience on route and
survey knowledge find some correlation between expert-level experience and route and
survey knowledge. Maguire, Woollett, and Spiers (2006) found that experienced taxi
drivers performed significantly better when judging the relative proximity between two
city landmarks (survey knowledge) than bus drivers (F(1,33)=11.73; p=0.009). Spiers
and Maguire (2008) found that experienced taxi drivers were able to successfully
complete routes through a virtual London with 94% of their routes being efficient
(efficient meaning that the participant continuously moved closer to the goal given the
existence of one-way streets and occasional obstructions).
Focusing on Experience and Not Familiarity or Expert Performance
As a result of this review of literature on familiarity and expert performance, the
author determined that the participants for the present study had significantly more
experience than the amount of experience typically described when researchers say that
participants are familiar with an environment and significantly less experience than the
canonical characterization of expert performance (i.e., 10+ years, deliberate practice,
etc.). The experience of the participants in this study exists somewhere between the
constructs of familiar and expert performance but did entail extremely high frequency of
wayfinding tasks per year (i.e., ~3000-5000 trips per year). Therefore, this literature
review indicates that the amount and type of experience possessed by this study’s
participants is consistent with the amount and type (i.e. high-iteration, varied experience
over months to years) of experience of other studies of wayfinding experts (i.e., taxi
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drivers). Given this, this study refers to the experience of the participants as experience
without further qualification. In summary, this research may contribute to understanding
the human capability to achieve superior survey knowledge and route knowledge in
navigating a large, complex indoor environment based upon amount of wayfinding
experience.
Hypotheses
Hypothesis 1
As patient transport personnel experience increases, survey knowledge accuracy error
will decrease.
Hypothesis 2
As patient transport personnel experience increases, route knowledge accuracy will
increase.
Hypothesis 3
As patient transport personnel experience increases, route knowledge efficiency will
increase.
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METHODS
Participants
A staff of approximately 50-60 patient transport personnel at a large, complex regional
hospital work in shifts 24 hours per day, 7 days per week, 52 weeks per year in order to
provide around-the-clock inpatient transport services. These patient transport personnel
were recruited to participate in this study. The goal was to have twenty-four patient
transport personnel participate in this study (four participated as pilot participants). In
actuality, fifteen patient transport personnel volunteered to participate in the study and
passed the screening process. Of the fifteen volunteers, three participated as pilot
participants and twelve participated in the final study. Access to participants was limited
to 7:00 AM until 11:00 AM and 3:00 PM until 9:00 PM on weekdays, when the volume
of transport assignments was typically smaller than during mid-day. Patient transport
experience varied from a few months to seven years. All participants completed the
required two week training as patient transport personnel prior to taking part in this study.
Per shift, patient transport personnel each transport approximately 20 patients (with a
range of about 13-25 trips per shift per transporter). Thus, by the time a patient
transporter has completed training, she/he has completed approximately 200 patient
transport trips in a two week period. Patient transport personnel who had a year’s worth
of experience had completed approximately 3000-5000 trips and those with multiple
years of experience had completed tens of thousands of trips. Participants were not
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compensated by the researchers for participation. Participants were compensated their
normal hourly wages to participate. Payment was by their department. Design
This correlational study used three constructs, four criterion variables, and one
correlational predictor variable to assess the relationship between wayfinding experience
and survey and route knowledge. The constructs are wayfinding experience, survey
knowledge, and route knowledge. Wayfinding experience was the predictor variable and
was formally titled, patient transport personnel experience. Survey knowledge was
measured via the criterion variables pointing accuracy and mapping accuracy. Route
knowledge was measured via the criterion variables route accuracy and route efficiency.
Overview of Construct Measurement
For the pointing accuracy variable, participants completed pointing tasks on each
of two floors of the hospital (i.e., the first floor and the third floor levels of an eight floor
high hospital). For the mapping accuracy variable, participants made maps of each of
two floors of the hospital (i.e., the first floor and the third floor). An angle measurement
was recorded for each trial of pointing and each map bearing from the reference location
to an unseen target location. These measures for the mapping task on the floors were
averaged to indicate the accuracy of patient transport personnel’s understanding of where
unseen targets existed around them. The measures per floor were not averaged for the
pointing task because there was not a strong correlation between the scores on the
respective floors. For the route accuracy and route efficiency variables, participants
completed route diagramming tasks on each of two floors of the hospital. Correct
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number of turns, correct number of choice points, total number of turns, total number of
choice points, and distances along the drawn routes were recorded. These measures
indicated the accuracy and efficiency of patient transport personnel’s understanding of
how to navigate from one place to another.
Materials and Tasks
Facility
This study occurred in a large, complex, tertiary care regional hospital (A tertiary
care hospital includes specialty care services beyond primary care and secondary care
services, e.g., perinatology, neonatology, and neurosurgery. Tertiary care is typically
available at large, regional hospitals and at specialty hospitals.). The hospital contained
approximately 1.8 million (plus) square feet of enclosed floor space on 8 floors (for
reference, this is equivalent floor area to approximately 9 Walmart Supercenters stacked
on top of each other). While there was some continuity in floor plan layout on the top
three floors, no two floors were identical and layouts of most floors differed substantially.
In addition, reconfiguration of areas on each floor is common, therefore the patient
transport personnel routinely adjust to incremental route changes. This study utilized the
ground floor level, the first floor, and the third floor. The ground floor level was only
used for training tasks and the mapping task. Task completion for the pointing and route
diagramming tasks occurred at locations on the first and third floors that were familiar to
the participants (see Figures 2 & 3).
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Patient Transport Personnel Screening
Materials. This study included an information sheet describing the study, (Form
A1 in the Appendix), a screening worksheet (Form A2 in the Appendix), a master
participant list (Form A3 in the Appendix), and a participant experience log (Appendix
Form A4).
Participant Screening. A flyer soliciting participants for the wayfinding study
was posted in the patient transport personnel main dispatch room and announcements
about the study were made at monthly department staff meetings. Patient transport
personnel who volunteered to participate completed the Screening Sheet, which included
the following questions (full form in Appendix: Form A2):
1. What month and year did you start working as a patient transporter here at the
GHS main campus?
2. During this time, have you taken breaks from being a patient transporter?
a. If so, when did your break from this role start? When did it end?
3. Have you ever been a patient transporter at another facility?
a. If so, what month and year did you begin? What month and year did you
end?
4. Roughly how many patients do you transport per shift?
5. Do you have experience transporting patient throughout the patient areas of the
hospital?
6. Are you color blind?
Participant screening occurred via telephone or in person by the researcher, the
research coordinator, or the department head. The twelve participants had a range of

21

experience (4 months to 84 months, M=28.75 months) and averaged approximately 17
trips per shift.
Participant Selection and Stratification. Each potential participant’s name was
associated with a non-identifiable alpha-numeric code on the master participant list
(Form A3), which was kept locked in a safe in the Research Department of Roger C.
Peace Rehabilitation Hospital. The amount of experience each potential participant had
as a patient transporter (in months) was determined using the Participant Screening Sheet
and recorded on the Patient Experience Log (Form A4) by subtracting the month/year
when the participant started transporting patients at the hospital from the current
month/year (taken from Form A2; excluding any lapses in employment as a patient
transporter).
Once volunteers from the volunteer pool were selected to participate in the study,
the researcher or the research coordinator contacted the department head and asked the
department head to schedule times for the patient transport personnel volunteers to
participate. The department head then schedule a day and time for participation for each
volunteer. The department head informed each volunteer verbally that he/she was to
participate on a specific day and at a specific time. Other than scheduling the volunteers,
the department head was blind to all data, data collection, and results until data analysis
was complete and only non-identifiable data remained.
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Floor, Task, and Trial Ordering
The order of performing tasks on the floors was counterbalanced across
participants so that half of participants performed first floor tasks first and half of
participants performed third floor tasks first. The order of tasks per floor (i.e., pointing
task and route diagramming task) was counterbalanced. The mapping task was the only
task not performed out on the floor but rather in the Roger C. Peace basement.
Performance of the mapping task was counterbalanced such that half of participants
performed the mapping task before going onto the floors to perform the pointing and
route diagramming tasks and half of the participants performed the mapping task after
having completed the other two tasks.
For the pointing task and the route diagramming task, the order of trials within the
task was randomized for each participant (e.g., order of unseen targets in the pointing
task and order of routes to diagram for the route diagramming task). For the mapping
task, the same list of locations was given to all participants. Each participant then
assigned each location to a point on the map in an order of his or her own choosing.
Survey Knowledge Assessment: Pointing Task Accuracy
Materials. The digital pointing device used for the pointing task was fixed to a
folding stool. This device included a digital compass for precise and repeatable
orientation, as well as a digital protractor for accurate and consistent angular readings.
See FORM C1A and FORM C2A in the Appendix for the data collection sheets.
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Figure 1. This illustrates the pointing device folded up (left), opened up (second from left), a topdown view of the pointing task angular measuring device (second from right) and a close-up of the
digital compass mounted underneath the pointer (right).

Task. The pointing task was used to assess survey knowledge by measuring the
angular difference between the actual bearing from the participant’s location to an unseen
target versus the participants’ estimated bearing from his or her location to the same
unseen target. On each trial, the participant estimated the bearing by pointing with the
angular measuring device.
The pointing task is a standard means of assessing survey knowledge that has
been implemented in a variety of ways. McNamara (1986) had participants draw a line
from a center anchor object toward the location of a target object in order to study
priming in spatial memory. Each participant performed the pointing task for two sets of
twelve targets and McNamara assessed systematic distortions in the average angular
difference for direction judgments. Hölscher, Meilinger, Vrachliotis, Brösamle, and
Knauff (2006) had participants complete four pointing tasks by pointing (with their arms)
toward target places they had walked to during the experiment. They documented the
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pointing gestures using video and recorded the pointing directions on a map and also
analyzed angular difference (Hölscher, Meilinger, Vrachliotis, Brösamle, and Knauff
(2006), p.289) and found no systematic error to suggest that familiarity led to more
precise survey knowledge. Montello and Pick (1993) had participants aim a wire
anchored to a central point on a plate in the direction of landmarks they had visited
during route learning and integration tasks. They measured angular difference in order to
assess differences in pointing error within and between routes. Moeser (1988) used a
large cardboard compass located in the main entrance of a hospital to determine whether
familiarity with a large, complex indoor environment led to superior relational knowledge
of the locations of spaces in the environment. Roskos-Ewoldsen, McNamara, and
Shelton (1998) had subjects point with their arms toward a doorway after having been
spun in a wheelchair while blindfolded in order to determine whether mental
representations are dependent on orientation (and found that they were). Richardson,
Montello, and Hegarty (1999) used a circular plate with a wire pointing device with
angular markings on the underside of the plate and had 61 participants imagine that they
were standing in front of a recently visited landmark and then point to the location of
other landmarks using the wire pointer. In this study, the pointing task was used to assess
whether participants’ acquisition of spatial knowledge was the same when acquired by
navigating the real world as when navigating a virtual environment. Gärling, Lindberg,
Carreiras, and Böök (1986) placed participants in a booth with the participants’ heads
located at the arc radius origin for a 58-cm radius protractor strip, so that once
participants oriented their bodies toward eight targets from twelve origin locations, they

25

could look up and report the direction angular values corresponding to the directions they
faced. Werner and Schindler (2004) used a set of virtual environments and a joystick to
have 56 participants orient themselves in the virtual environments and point to unseen
targets with the joystick in order to study alignment and misalignment effects.
Pointing Task Data Collection. In this study, participants pointed to sixteen
unseen targets on two floors. They stood at a reference point on the first floor (adjacent
to the gift shop) and pointed to eight unseen targets on the first floor. They also stood at
a reference point on the third floor (adjacent to the door to the Support Tower) and
pointed to eight unseen targets on the third floor. The unseen targets were listed on
FORMS C1A & C2A and shown in Figures 2 & 3 below. On the first floor, for
reference, the participant stood adjacent to the Women’s Gift Shop and the unseen targets
were: MRI Zone II lab, RCP Elevators, Ultrasound II, CT Scan II, Critical Care, Patient
Elevators, Main Discharge Doors, and Main Reception. On the third floor, for reference,
the participant stood adjacent to the Door to the Support Tower and the unseen targets
were: RCP Elevators, Echo Lab, Pathology, Cath Lab Prep, Cardiology Research,
Patient Elevators, Patient Room 3414, and Patient Room 3304.
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Figure 2. These are the first floor locations of the reference points and unseen targets for the
pointing and mapping tasks. Maps omitted due to security concerns.

Figure 3. These are the third floor locations of reference point and unseen targets for the pointing
and mapping tasks. Maps omitted due to security concerns.
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The researcher set down a folding stool with a large digital protractor and a digital
compass fixed to it. The stationary arm of the digital protractor was oriented southward,
slightly offset from one of the primary axes of the hospital and the orientation of the
Patient Elevators bank (an organizational landmark for the patient transport personnel).
On each trial, the researcher stated the name of an unseen target. Then the participant
pointed the protractor arm toward the target, and said, “done,” when finished. Finally,
the researcher lifted the flap covering the digital angle readout and recorded the angle on
a worksheet (Forms C1A & C2A in the Appendix). Before the next trial, the researcher
reset the protractor arm to its starting position and ‘zeroed out’ the angular measurement.
This process was repeated nine times per floor.
Survey Knowledge Assessment: Mapping Task Accuracy
Materials. A notepad (~20” by ~30”) of newsprint was used for the mapping
task, as well as ten ½”x½” colored dot stickers per map.
Task. The mapping task was used to assess survey knowledge by measuring the
angular difference between the actual angular relationships between bearings between
unseen landmarks and the participants’ estimated angular relationships between the
bearings between the unseen landmarks.
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Figure 4. This is a participant’s set of stickers to-be-placed and a completed map. This figure
illustrates the set of instructions and stickers each participant received, as well as what a completed
map looks like. (NOTE: The text and arrows are for explanation of the map only and are not visible
to the participant.)

The mapping task is a standard means of assessing survey knowledge that has
been implemented in a variety of ways. Appleyard (1969) found that participants tended
to make maps using either a spatial strategy or a route tracing strategy. Appleyard (1969)
found that use of the spatial strategy occurred more frequently with more experienced
participants. For example, a person new to a place may have traced a route in order to
map where an unseen point was located, whereas a person familiar with a place was more
likely to have mapped the relationship without tracing the route first. Since Appleyard’s
experiment, maps made by participants have been assessed as representative of landmark
knowledge, route knowledge, or metric survey knowledge (Moeser, 1988). Mapping has
been analyzed with respect to number of elements mapped correctly and incorrectly
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(Wickens, Liang, Tyler, Prevett, and Olmos, 2009; Taylor and Tversky, 1992a;
McGuinness and Sparks, 1983; Huynh, Doherty, and Sharpe, 2010, Coluccia and Louse,
2004; Moeser, 1988). Mapping tasks have also been analyzed with respect to error
between participant-constructed metric locations of targets on the map versus correct
metric locations of targets (McGuinness and Sparks, 1983; Rodes and Gugerty 2012).
The current study calculated the angular difference between bearings. All
possible bearings between all targets were calculated. Then the angles between all
bearings sharing a common origin were calculated. For example, the angle ABC (formed
by the bearing from point B to A and from point B to C) on the actual map was
calculated. Also, the angle B’A’C’ on a participant’s drawn map was calculated, where
B’, A’ and C’ correspond to points A, B and C, respectively. Finally the absolute value of
the difference in these two angles was calculated. Overall, this angular error was
calculated for all angles between triads of locations on the map. The average angular
error across all angles represented the degree of error in a drawn map. This method was
useful because all measures were relative between bearings without regard to an abstract
and external coordinate system. Using this method allowed for accurately calculating
angular measures without having to understand the orientation of the maps, which was
important because the participants’ maps varied in orientation.
Mapping Task Data Collection. Mapping task data were collected in a room in
the Roger C. Peace Hospital basement. This location was chosen because it was on
neither of the floors used for data collection and because it was located away from target
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locations. Participants were given a blank sheet of paper (for creating the map)
approximately 20”x30” in size and a sheet of paper with the names of eight unseen
landmarks, with each landmark associated with a uniquely colored ‘dot’ sticker. First,
each participant read the instructions. The researcher instructed the participant to
imagine that the entire map of the floor of the hospital could fit on the one sheet of paper.
Once the participant imagined the map of the floor on the sheet of paper, he/she located
each unseen landmark listed in relation to the imagined map. This process was
demonstrated and practiced using the basement floor. Data were collected for the first
and third floors. See Figures 2 & 3 for the unseen landmarks on each floor.
Route Knowledge Assessment: Route Diagramming Accuracy and Efficiency
Materials. Eight 8 ½”x11” sheets of paper per participant and marker pens were
used for the route diagramming task as per the example below. The example shown also
shows the drawn route evaluated and scores tallied.
Task. The route diagramming task is used to assess knowledge for navigating
between points in an environment. Route diagramming assesses route knowledge by
counting number of turns, number of choice points, and by analyzing the length of the
diagrammed routes and calculating route efficiency (actual length of the drawn route
divided by shortest possible route between the two points).
Jansen-Osmann and Wiedenbauer (2003) had participants draw routes after
learning them in a virtual environment and analyzed the routes with respect to number of
turns. Hölscher, Meilinger, Vrachliotis, Brösamle, and Knauff (2006) and Hölscher,
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Büchner, Meilinger, and Strube (2009) compared a navigated route to the shortest
possible route in order to develop a metric for route efficiency (i.e. percentage above
optimal (PAO); e.g., the route identified by a participant to get from point A to point B
was 120% as long as the shortest route from point A to point B). O’Neill (1991) had
participants draw maps with both survey knowledge and then route knowledge (a path
between two points) on them and then scored the maps with respect to number of turns
and choice points correctly identified in order to assess the complexity of the indoor
environment on encoding and retention of survey and route knowledge.

Figure 5. This is an example of a completed route diagramming task for one route. In this example,
the route is sketched in black ink as a series of line segments with ‘x’ s’ representing corridor
intersections. The red and green marks represent the researcher scoring the diagram to measure
percent correct number of turns and percent correct number of choice points. (Measuring the length
of the diagrammed route (not shown) is measured by tracing the diagrammed route on a to-scale
map of the floor plan).
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Route Diagramming Task Data Collection. Participants were given 8 ½” x 11”
sheets of paper with one unseen destination listed on each sheet. There were five
destinations on the first floor and three on the third floor. The participants’ were tasked
with diagramming routes from the reference location (where they were standing) to the
destination. Diagramming routes included the following subtasks. First, the participant
drew a series of line segments that represented the spaces through which she/he expected
to pass (in this case, corridors) to arrive at the destination. These line segments included
turns as well as intersections with other corridors. Each intersection with another
corridor was considered a choice point because at such locations the participant had to
choose in which direction to proceed. (Routes with more turns and choice points
typically require more practice to remember and perform without error.) In this
diagramming task, turns were indicated by right-angle bends between line segments
along the route with “x’s” over them and choice points (i.e., corridor intersections) were
indicated by “x’s.” During training (see Forms B2A-B2F in the Appendix) each
participant observed the researcher diagramming two routes and also practiced
diagramming 1-3 routes (final number to be determined as a result of pilot study). The
destinations were chosen to minimize overlap of routes and to include a mix of route
complexities (one route of minimal complexity, three routes of mean complexity, and
four routes of highest complexity), with route complexity determined based upon number
of turns and number of choice points per route.

See Figures 6 & 7 for locations of the

reference point and unseen target locations. On the first floor, for reference, the
participant stood adjacent to the Women’s Gift Shop and the unseen targets were: MIP
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Elevator, Cancer Center, Special Procedures, Emergency Room, and ER Elevators. On
the third floor, for reference, the participant stood adjacent to the Door to the Support
Tower and the unseen targets were: RCP Patient Room 3918, Cath Lab, and Patient
Room 3401.

Figure 6. These are the first floor locations of reference point and the unseen targets for the route
diagramming tasks. Maps omitted due to security concerns.

Figure 7. These are the third floor locations of reference point and unseen targets for the route
diagramming tasks. Maps omitted due to security concerns.
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Route Diagramming Task Route Complexity
Golledge (1992) presented a summary of route complexity concepts and noted
that the number of turns of a route increases perceived distance of the route and
perceptual error. An assessment of route complexity was completed as part of selecting
the routes to be diagrammed by generating a composite z-score per route for number of
turns and number of choice points. However route complexity was not considered a
predictor variable for three reasons. First, all patient transport personnel who have
completed their two week training period are expected to produce workable routes from
the reference (starting) points to any destinations. Second, given this, the small number
of route measurements are not sufficiently sensitive to assess the impact of differences in
route complexity on route knowledge performance in this study. Third, and most
importantly, the driving concerns in selecting the routes used for the route diagramming
task were: (1) coverage of the most areas within the facility and (2) selecting nonoverlapping routes. Of the routes that met these criteria, routes of low complexity were
avoided and an approximately even mix of routes of mean and high complexity were
chosen. One low complexity route was chosen because all routes into that region of the
hospital were of low complexity. See Table 1.
After completion of all three tasks, the participant ended the data collection
session in the Roger C. Peace Rehabilitation Hospital basement. Before leaving, the
participant completed a questionnaire that asked the participant to describe why the
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participant diagrammed the routes that he/she diagrammed for the route diagramming
task, as well as two additional questions.

RK: Diagram

DESTINATION

Complexity

Composite Z-Score

Cancer Center

High

2.45

Special Procedures

Mean

0.58

ER Elevators

High

2.23

MIP Elev.

Mean

0.58

ER

High

2.76

RCP Patient Room 3918

Mean

0.47

Cath Lab

High

2.54

Patient Room 3401

Low

-2.04

Table 1. Estimating Route Complexity (negative values= less complexity, values close to zero=mean complexity,
positive values = more complexity)

Procedure
Welcome, Consent, and Training
Each Participant participated one at a time for a 90 minute session that occurred
during his/her work shift. The participant met the researcher in the Central Patient
Transport administrative office on the ground floor of the hospital. The researcher
welcomed the participant, led the participant to the Roger C. Peace Rehabilitation
Hospital basement on the basement level, and gave him/her the information sheet to read.
The researcher then trained the participant with each of the data collection techniques by
first demonstrating how to performance each task and then guiding the participant
through performing each task. For example, the researcher had the participant point to
places outside of the room using the protractor used for the pointing task. The
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participants practiced all tasks during training before taking part in the study (see Forms
B1 & B2).
Data Collection
The researcher walked with the participant from the ground floor to the reference
locations on the first and third floors, where data were collected. At both of the two
reference point locations located on the first and third floors, the participant performed a
survey knowledge measurement task (i.e., pointing task) and the route knowledge
measurement task (i.e., the route diagramming task) as noted above. The mapping task
was performed in the Roger C. Peace basement either before or after going out onto the
upper floors to perform the pointing and route diagramming tasks, as noted above. After
completing the three tasks, the participant filled out a questionnaire that asked about why
the participant diagrammed the routes that he/she diagrammed as well as two additional
questions. Please see the script located in Appendix for details (Form C1C-C1H & C2CC2E). Order of tasks and unseen locations were counter-balanced and randomized as
noted above. When all data were collected, the researcher accompanied the participant
back to the Central Patient Transport main office on the ground floor and thanked the
participant for participating.
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RESULTS
Overview
Since this study limited the sample population to patient transport personnel
subject matter experts, the sample population is small. Twelve participants participated
in this study including five participants with twelve months or less of experience, four
participants with greater than twenty-eight months of experience, and three participants
with twelve months to twenty-eight months of experience. Though the targeted
participant sample was twenty four, twelve participants were deemed an acceptable
sample given the limited availability of subject matter experts. In fact, of the
approximately sixty patient transport personnel SMEs available, approximately twentyfive percent participated in the study, including the three pilot participants. This is
considered to be a very good participant response rate. Furthermore, when comparing
this study to other studies on wayfinding referenced herein, the number of participants in
this study is similar. Hölscher, Meilinger, Vrachliotis, Brösamle, and Knauff (2006) used
twelve participants. Garling and Lindberg (1984) used sixteen participants. Hölscher,
Büchner, Meilinger, and Strube (2009) used sixteen participants. Given the small sample
size, which followed from the use of participants in a field setting with a narrow domain
of expertise, p<0.10 is used as the threshold for statistical significance.
In the Results and Discussion sections, the mean angular difference values will be
referred to as Average Angular Error.
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Data Preparation: Mapping Data
The Angular Error for a given set of two adjacent bearings was obtained by
calculating the absolute value of the difference between the measured angle between
those two adjacent bearings (e.g., angle B’A’C’) on a participant’s map and the same two
adjacent bearings on a to-scale floor plan (e.g., angle BAC). Adjacent bearings were
defined as two bearings that share a common origin point. This method was useful
because all angular measures were relative between bearings without regard to an abstract
and external coordinate system. Using this method allowed for accurately calculating
angular measures without having to understand the orientation of the maps, which was
important because the top of participants’ maps was not necessarily the same orientation
as the top of the actual map used in scoring
Once all angles between all adjacent bearings were calculated for a participant’s
first-floor map and the actual first-floor plan per floor, then the Angular Errors were
calculated for each pair of corresponding angles on the drawn and actual maps, by taking
the absolute value of the angular difference. This yielded 252 Angular Error measures.
Next the Angular Error measures were averaged to obtain an Average Angular Error. The
minimum Average Angular Error was 0, which represented perfect accuracy in a drawn
map. The maximum Average Angular Error was 180 degrees, which represented very
low accuracy. This process was followed for each participant and for the first and the
third floor drawn maps.
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For the first floor drawn maps, the mean Average Angular Error was 18.9º; the
minimum was 8.2º; the maximum was 34.9º; and the standard deviation was 7.5º. For the
third floor drawn maps, the mean Average Angular Error was 32.3º; the minimum was
17.0º; the maximum was 50.2º; and the standard deviation was 8.6º. For the purposes of
regression analysis, the mapping task Average Angular Error data were averaged across
the first floor and third floor, per participant, because there was a relatively strong
positive correlation between Average Angular Error values on the two floors (r=0.54,
N=12, p=0.069). Mapping task Average Angular Error measures were also assessed for
normality. Histograms and Q-Q plots indicate that the average angular error data for the
pointing task follows approximately normal distributions (i.e., reasonably normal given
the very small sample population).
Data Preparation: Pointing Data
Pointing data for the reference points adjacent to the participants while
performing the pointing task were dropped. Pointing to the reference points a few feet
away from the participants was unlike pointing to other targets because the participants
could clearly and easily see these targets. Participants seemed perplexed by this task and
seemed to respond as though this might be a ‘trick question.’ That is, four of twelve
participants on the first floor and one of twelve participants on the third floor seemed to
convince themselves that the target could not be next to their position and so had very
large errors (at or in excess of three standard deviations from the mean). They were
visibly going back and forth between pointing at the target next to them and guessing at
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an alternate location elsewhere in the building. An additional four of twelve participants
had practically zero error when pointing to the reference points adjacent to their position
(approximately three standard deviations below the mean). Therefore, I culled the data
for reference points as it is problematic conceptually, led to some participant confusion,
and/or led to unusually low or high scores in about 37% of the scores between the two
floors. In total, 24 measures associated with the reference points were dropped (11% of
all pointing data measures).
Second, pointing data for the Main Reception Desk on the first floor were
dropped because participants could see the Main Reception Desk from the reference
location (and this was the only target other than the adjacent reference points that the
participants could see). I considered this conceptually problematic, inconsistent with the
characteristics of the other target measures, and therefore dropped these data. In total, 12
measures associated with this visible target were dropped (5.5% of all pointing data
measures).
Third, for two participants (P1 and P12), the digital compass returned incorrect
readings on the third floor when setting up the pointing device for the pointing task,
therefore, for these two participants, third floor pointing task data could not be collected
properly. Moving the pointing device around indicated that there may have been a piece
of equipment nearby (possibly in the adjacent patient room) that was used infrequently
and that, when in operation, created an electromagnetic field disturbance such that the
pointing device compass could not be properly oriented for the third floor pointing task.
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During the latter of these anomalous conditions, the researcher moved the pointing device
approximately five feet away from the typical reference point and the anomaly
disappeared, suggesting that the problem was a localized electromagnetic field. As this
disturbance only happened twice through all of task development, pilot testing, and data
collection, and only during data collection, the researcher could not have reasonably
anticipated or avoided this issue. Given this, the third floor pointing data were dropped
for two participants. In total, 16 measures associated with this pointing task setup
anomaly were dropped (7.5% of all pointing data measures).
The angular error for each pointing trial was obtained by calculating the absolute
value of the difference between the actual angle measured from the reference point to the
target location and then subtracting the participant’s recorded angular measure from the
reference point to the target location. For the first floor pointing data, the mean Average
Angular error was 13.3º; the minimum was 7.0º; the maximum was 20.8º; and the
standard deviation was 4.0º. For the third floor pointing data, the mean Average Angular
error was 23.0º; the minimum was 14.9º; the maximum was 34.7º; and the standard
deviation was 6.6º. The correlation between the first and third floor pointing Average
Angular Error was r=-0.362, p=0.304. This moderate (although not significant) negative
correlation was not expected, as there was no reason to expect that participants with good
survey knowledge (as shown by pointing data) on one floor should show poor knowledge
on the other floor. Because of the negative correlation, the first and third floor pointing
data were not averaged. Separate regression analyses were performed for each floor.
Pointing data average angular error were also assessed for normality. Histograms and Q-
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Q plots indicate that the average angular error data for the pointing task follows
approximately normal distributions (i.e., reasonably normal given the very small sample
population.
Data Preparation: Route Diagramming Data
For each of the eight routes diagrammed by a participant, the percentages of
correctly identified number of turns and number of choice points per route were assessed
and compared to the actual number of turns and choice points along possible routes. In
the following, route diagramming task refers to the route that the participant attempted to
diagram (e.g., from the Women’s Gift Shop to the Marshall Pickens Elevator). Possible
routes refers to the possible, accurate, paths that exist between any given starting location
and any given target location.
First, accurate possible route diagrams, including number and sequence of left and
right turns and number of choice points, were traced over actual floor maps of each floor
of the hospital for each route (e.g., left turn, right turn, choice point, left turn). For any
given route diagramming task, the minimum number of possible routes traced was two
and the maximum number of possible routes traced was eight. Tracing the possible
routes resulted in tables of the number and sequence of left and right turns and the
number of choice points per possible route. Next, the number and sequence of left and
right turns and choice points as drawn by participants were entered into tables. Lastly,
the number and sequence of turns and choice points for the actual possible routes were
compared to the number and sequence of turns and choice points of routes drawn by
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participants. This process both matched the number and sequence of turns and choice
points in the participant’s drawn routes to the number and sequence of turns and choice
points in possible routes and calculated a percentage correct score per drawn route per
possible route. The best match between drawn route and possible routes as represented
by the various number of turns scores was identified as the participant’s intended route
solution. The percent correct number of turns and the percent correct number of choice
points scores were calculated across the eight drawn routes, based on whether the
participant’s routes showed the correct number of turns and choice points, respectively.
The percent above optimal score was calculated for each drawn route and then averaged
over the eight routes per participant.
For the average number of turns data, the
Mean_Percentage_Correct_Number_of_Turns was 61.3%; the minimum was 38.0%; the
maximum was 81.0%; and the standard deviation was 11.3%. For the average number of
choice points data, the Mean_Percentage_Correct_Number_of_ChoicePoints was 65.2%;
the minimum was 38.0%; the maximum was 82.0%; and the standard deviation was
11.3%. For the averaged percentage above optimal (PAO) route distance data, the
Mean_Percentage_PAO was 10.4%; the minimum was 1.0%; the maximum was 24.0%;
and the standard deviation was 8.2%. All three of these variables were assessed for
normality using histograms and Q-Q plots and shown to follow approximately normal
distributions (i.e., reasonably normal given the very small sample population).
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Justification for Linear and Non-linear Regression Analyses
This study proposed that as experience increases error in spatial knowledge
should decrease. In order to test this prediction, this study used a primary analysis of a
simple linear regression and a secondary regression analysis looking for non-linear
trends. With respect to the latter, the data were assessed with respect to the non-linear
function known as the power law of practice (Newell and Rosenbloom, 1981),
log(Err)=log(B)-αlog(Exp),

(1)

where Err=Average Angular Error, α=Slope of the Curve, and Exp = Experience.
The power law of practice (Newell and Rosenbloom, 1981) has been shown by
numerous empirical studies to b as a reliable predictor of performance based upon
practice of a task across a range of learning activities (Newell and Rosenbloom, 1981;
Ritter and Schooler, 2001), though there are alternative theories of how best to describe
the relationship between practice and performance (Haider and Frensch, 2002).
Nonetheless, the power law of practice is well established. Therefore, for the non-linear
analysis, the data were transformed using the power law shown in equation 3 then used
linear regression in order to determine what, if any, non-linear trends are evident.
Hypothesis I: Survey Knowledge Accuracy: The Pointing and Mapping Tasks
The first hypothesis was that as patient transport personnel experience increases,
survey knowledge accuracy error will decrease. The pointing and mapping criterion
variables were analyzed separately. The analysis of mapping task Average Angular Error
will be presented first.
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Mapping Task: Regressions
Figure 8 is a scatterplot of Experience vs. Average Angular Error for the mapping
task. The hypothesis was agnostic about the shape of the decreasing function for map
error. Initially, a linear regression with survey knowledge as the criterion variable and
amount of experience as the predictor showed that experience is not a significant
predictor of survey knowledge B=-.07, β = -.28, t(11) = -.91, p <.38, 95% CI [-.24, .10],
and did not explain a significant proportion of variance in survey knowledge, adjusted R2
= .01, F(1, 11) = .83, p <.38. (Next, the predictor and criterion variables were transformed
to fit the power law of practice in log-log form (equation 3) (hereafter referred to as
log10(Experience) and log10(Average_Angular_Error)). The resulting transformed
predictor and criterion variables were analyzed using linear regression.
log10(Experience) was not a significant predictor of log10(Average_Angular_Error)
B=-.12, β = -.46, t(11) = -1.64, p < .13, 95% CI [-.25, .13], and did not explain a
significant proportion of variance in survey knowledge, adjusted R2 =.13, F(1, 11) =2.68,
p <.13.
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Figure 8. The relationship between Experience and Mapping Average Angular Error.

Pointing Task: Regressions
Figure 9 shows scatterplots of Experience vs. Average Angular Error for the
pointing task for the first and third floor. The hypothesis was agnostic about the shape of
the decreasing function for map error.
For the first floor pointing data, a linear regression with survey knowledge as the
criterion variable and amount of experience as the predictor showed that experience is not
a significant predictor of survey knowledge, B=.019, β = .13, t(11) =.42, p <.68, 95% CI
[-.08,.12] and did not explain a significant proportion of variance in survey knowledge,
adjusted R2 = .08, F(1, 11) = 0.18, p <.68. Next, the power law analysis was conducted as
for the mapping data. Log10(Experience) was not a significant predictor of
log10(Average_Angular_Error) B= .00, β = .00, t(11) = .02, p <.98, 95% CI [-.21,.21]
and did not explain a significant proportion of variance in survey knowledge, adjusted R2
= .10, F(1, 11) = .00, p <.98.
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For the third floor pointing data, a linear regression with survey knowledge as the
criterion variable and amount of experience as the predictor showed that experience is not
a significant predictor of survey knowledge, B=-.11, β = -.52, t(11) = -1.73, p <.12, 95%
CI [-.26,.04] and did not explain a significant proportion of variance in survey
knowledge, adjusted R2 =.18, F(1, 11) 3.01, p <.12. Next, the power law analysis was
conducted as for the mapping data. Log10(Experience) was not a significant predictor of
log10(Average_Angular_Error) B=-.09, β = -.32, t(11) = -.96, p <.37, 95% CI [-.29,.12]
and did not explain a significant proportion of variance in survey knowledge, adjusted R2
= .10, F(1, 11) = .00, p <.37.

Figure 9. Scatterplot of the relationship between Experience and Pointing Angular Error.

Correlation of Mapping and Pointing Task Data
The correlation between the first floor mapping and pointing Average Angular
Error scores was r=0.26, p=0.41. The correlation between the third floor mapping and
pointing Average Angular Error scores was r=-0.27, p=0.45. These weak, non-significant
correlations were not expected, as in theory the mapping task and the pointing task are
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measuring the same survey knowledge by measuring the angular relationships between
the same set of unseen target locations. The weak correlations between mapping and
pointing scores may be attributable to the small sample size and/or to the fact that the
pointing task, which takes place situated in the actual environment of interest, measures a
different aspect of survey knowledge than the mapping task, which takes place away
from the environment of interest.
Hypothesis II: Route Knowledge Accuracy: The Route Diagramming Task
The second hypothesis was that as patient transport personnel experience
increases, route knowledge accuracy will increase. The route diagramming number of
turns and route diagramming number of choice points route knowledge criterion variable
measures were analyzed separately.
Route Diagramming Task: Number of Turns: Regressions
Figure 10 shows scatterplots of Experience vs.
Mean_Percentage_Correct_Number_of_Turns for the route diagramming task. The
hypothesis was agnostic about the shape of the increasing function for route accuracy. A
linear regression with percent correct number of turns as the criterion variable measure
and amount of experience as the predictor variable measure showed that experience is not
a significant predictor of turn knowledge, B=-.06, β = -.15, t(11) =-.49, p <.64, 95% CI
[-.34,.22] and did not explain a significant proportion of variance in survey knowledge,
adjusted R2 =-.08, F(1, 11) = 0.24, p <.64. Next, the power law analysis was conducted.
Log10(Experience) was not a significant predictor of
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log10(Mean_Percentage_Correct_Number_of_Correct_Turns) B=.00, β = .00, t(11)
= .01, p <.99, 95% CI [-.14,.14] and did not explain a significant proportion of variance
in route knowledge, adjusted R2 = -.10, F(1, 11) = .00, p <.99.

Figure 10. Scatterplot of the relationship between Experience and Mean Correct Percentage of
Turns along routes.

Route Diagramming Task: Number of Choice Points: Regressions
Figure 11 shows a scatterplot of Experience vs.
Mean_Percentage_Correct_Number_of_Choice_Points for the route diagramming task.
For the route diagramming data, a linear regression with percent correct number of choice
points as the criterion variable measure and amount of experience as the predictor
variable measure showed that experience is not a significant predictor of route
knowledge, B=-.00, β = -.01, t(11) =-.02, p <.99, 95% CI [-.28,.28] and did not explain a
significant proportion of variance in survey knowledge, adjusted R2 =-.10, F(1, 11) = .00,
p <.99. For the power law analysis, Log10(Experience) was not a significant predictor of
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log10(Mean_Percentage_Correct_Number_of_Correct_Choice_Points) B=.04, β = .18,
t(11) = .58, p <.57, 95% CI [-.10,.17] and did not explain a significant proportion of
variance in route knowledge, adjusted R2 = -.06, F(1, 11) = .34, p <.57.

Figure 11. Scatterplot of the relationship between Experience and Mean Correct Percentage of
Choice Points along routes.

Hypothesis III: Route Knowledge Efficiency: The Route Diagramming Task
The third hypothesis was that as patient transport personnel experience increases,
route knowledge efficiency will increase. The route diagramming percentage above
optimal (PAO) length route knowledge criterion variable measure should decrease as
experience increases, indicating that more experienced patient transport personnel choose
shorter routes between locations.
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Route Diagramming Task: Percentage Above Optimal Length of Route: Regressions
Figure 12 shows scatterplots of Experience vs. Mean_Percentage_Above_Optimal
length for the route diagramming task. A linear regression with percentage above optimal
as the criterion variable measure and amount of experience as the predictor variable
measure showed that experience is not a significant predictor of route knowledge,
B=-.05, β = -.17, t(11) =-.55, p <.60, 95% CI [-.25,.15] and did not explain a significant
proportion of variance in survey knowledge, adjusted R2 =-.07, F(1, 11) = 0.30, p <.60.
Log10(Experience) was not a significant predictor of
log10(Mean_Percentage_Above_Optimal) B=-.03, β = -.03, t(11) = -.10, p <.93, 95% CI
[-.72,.66] and did not explain a significant proportion of variance in route knowledge,
adjusted R2 = -.10, F(1, 11) = .01, p <.93.

Figure 12. Scatterplot of the relationship between Experience and Mean Percentage Above Optimal
route distances along routes.

52

DISCUSSION
This study looked at the relationship between patient transport personnel
experience and performance on survey knowledge and route knowledge tasks. Three
hypotheses were tested. All results were non-significant. This Discussion considers why
this may be the case and future work. Furthermore, a primary reason that the results were
all insignificant is because the study did not get enough participants. Given this, the
legitimacy and generalizability of any topics covered in the Discussion is questionable.
Nonetheless, the Discussion presents some hypothetical considerations with respect to
this research, potential future work, and potential relevance of this work in the healthcare
industry and beyond.
Analysis of Hypothesis I Results: Survey Knowledge Accuracy: The Mapping and
Pointing Tasks
Hypothesis I assessed the relationship between experience and survey knowledge
using a mapping task and a pointing task. Linear regressions were performed on the
mapping task and pointing task criterion variable measure of Average Angular Error.
Simple linear regressions found no significant relationships between Experience
and Average Angular Error with respect to the mapping task data or the pointing task
data. Data transformations that fitted the data to the power law of practice equation
(Newell and Rosenbloom, 1981) were performed and the transformed data were analyzed
using a linear regression. The linear regression of the data transformed to fit the power
law of practice also found no significant relationship between Experience and Average
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Angular Error with respect to the mapping task data or the pointing task data. However,
the Average Angular Data of the mapping task data, once transformed using the power
law of practice equation, approached significance (p<.13). Furthermore, there was
minimal correlation between the mapping and pointing data, indicating that these two
measures may have been measuring different constructs.
Analysis of Hypothesis II Results: Route Knowledge Accuracy: The Route
Diagramming Task
Hypothesis II assessed the relationship between experience and route knowledge
using a route diagramming task. Linear regressions were performed on the route
knowledge criterion variable measures of Mean Percentage Correct Number of Turns and
Mean Percentage Correct Number of Choice Points.
Simple linear regressions found no significant relationships between Experience
and Mean Percentage Correct Number of Turns and Mean Percentage Correct Number of
Choice Points with respect to the route diagramming task. Data transformations that
fitted the data to the power law of practice equation (Newell and Rosenbloom, 1981)
were performed and the transformed data were analyzed using a linear regression. The
linear regression of the data transformed to fit the power law of practice also found no
significant relationship between Experience and Mean Percentage Correct Number of
Turns and Mean Percentage Correct Number of Choice Points for the route diagramming
task.
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Analysis of Hypothesis III Results: Route Knowledge Efficiency: The Route
Diagramming Task
Hypothesis III assessed the relationship between experience and route knowledge
efficiency using a route diagramming task. Linear regressions were performed on the
route knowledge criterion variable measure of Mean Percentage Above Optimal route
length.
Simple linear regressions found no significant relationships between Experience
and Mean Percentage Above Optimal route length with respect to the route diagramming
task. Data transformations that fitted the data to the power law of practice equation
(Newell and Rosenbloom, 1981) were performed and the transformed data were analyzed
using a linear regression. The linear regression of the data transformed to fit the power
law of practice also found no significant relationship between Experience and Mean
Percentage Above Optimal route length.
Despite the lack of significance in the differences of the various measures of
survey and route knowledge, the scatterplots of the untransformed data possibly suggest a
non-linear negative relationship trends between Experience and Survey Knowledge as
measured by Error (See Figures 8 & 9) and a non-linear positive relationship trend
between Experience and Route Knowledge as measured by Percent Correctly Drawn (See
Figures 10 & 11) and between. Experience and Route Knowledge as measured by
Percentage Above Optimal Length of Drawn Route (See Figure 12). There are at least
three likely reasons for the non-significant results, and they are inter-related.
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First, the small sample population [N=12] resulted in wide confidence intervals
that included zero and that reflected low statistical power. Second, as per the literature
review, there are many innate and environmental variables that influence performance,
including but not limited to, spatial cognition, overall intelligence, gender, age, and
alignment effects within the environment related to orientation, distance, and spatial
arrangement relationships (i.e., spatial hierarchies). Therefore, it is likely that experience
is an important but only partial contributor to survey knowledge and route knowledge
performance and it would likely require a much larger sample population to realize
significant differences in the data. Third, given the large number of variables influencing
survey knowledge and route knowledge performance, the interaction effects between
variables may also significantly influence outcomes and will likely have to be modeled in
order to develop meaningful results. Therefore, these results indicate that the sample size
of this study proved insufficiently small to identify significant effects given the
complexity of the phenomena studied.
Potential Value of this Research to Industry
This study began by outlining potential benefits of this research. One of these
potential contributions was to refine models of how people wayfind in complex indoor
environments. The results of this study do not refine models of how people wayfind in
complex indoor environments because the results are non-significant. Nonetheless, this
study did yield a great data set that, at a minimum, has the potential to contribute to
refining models of how people wayfind in complex indoor environments if only the data
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set can be expanded to include more participants. Though more data is needed to validate
the results, these results may point to a human ambulatory wayfinding performance
ceiling and may therefore one day contribute to the development of a benchmark to
measure learning and performance.
Another potential contribution of this study was to assess some of GHS’s existing
training methods for their patient transport personnel staff. The study results do suggest
some potential validation for GHS’s existing training methods because GHS patient
transport personnel have better performance measures than the performance measures of
other ‘familiar’ participants in other studies who perform tasks that purportedly measure
the same constructs. Again, more data is needed to develop strongly suggestive results.
But the results so far suggest that, similarly to the studies on development of expert
driving performance for London taxi drivers (Maguire, Wollett, and Spiers, 2006),
performance for the wayfinding experts in the current study may be well beyond the
results of people who do not practice so repetitively and routinely every day. In this
respect, this study’s results could potentially be part of a body of knowledge documenting
the usefulness of heavily repetitive training for developing wayfinding expertise.
Another potential contribution of this study was to provide data that leads to
improvements in the design of wayfinding training and training materials for employees
in complex indoor environments. This data set can be a launch point for additional
studies to validate results, develop performance benchmarks, and study how quickly a
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person can be brought up to these performance levels. It is a step in this direction but
does not completely address this potential contribution.
Another potential contribution of this study was to provide data that leads to
improvements in architectural space planning best practices. So far, results seem to
indicate that training and repetition should be considerations during mission-critical
facilities design. Training and wayfinding performance are typically not designed aspects
of building usage. But it would likely be valuable to also design wayfinding for
healthcare facilities and other large, complex, mission-critical facilities, such as power
plants. It may be especially useful to design wayfinding and training for emergency
response personnel in those facilities.
Another potential contribution of this study was to provide data that leads to
improvements in the design of building wayfinding signage. This study did not achieve
results that suggest anything about the design of wayfinding signage.
Lessons Learned
There are four primary lessons learned as a result of conducting this study. First,
any study of landmark knowledge, route knowledge, or survey knowledge is inherently
complicated and the true value of the results is difficult to assess. That is, there are so
many variables influencing performance with respect to wayfinding knowledge and there
are so many possible interaction effects between these variables that attempting to parse
out a variable such as experience is inherently problematic. A greatest success of the
present study, which does not show up anywhere in the data or the write-up, is the
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extensive work that went into eliminating and managing confounding independent
variables associated with various alignment effects and spatial hierarchies in the
environmental setting for this study. Ultimately, it is impossible to completely eliminate
alignment effects and spatial hierarchy effects, and therefore trade-offs must be assessed
and managed.
Second, given the large number of personal characteristics influencing a
participant’s performance aside from the environmental variables (e.g., gender, spatial
cognition, intelligence, education, age, experience, rested-ness, etc.), a much larger
sample population (at least 2-3 times as large but ideally 6-20 times as large) that
receives numerous pre-test assessments of inherent individual abilities in addition to
experience is required in order to be able to make an accurate assessment of the influence
of experience on wayfinding performance. Several such pre-tests were considered for
inclusion in the present study, but there was not sufficient time to allow for the pre-tests.
It may be that data collection time allotted per participant must be increased to 4-8 hours
in order to allow for all required pre-tests.
Third, the reference points for the first and third floors could not directly align
one on top of the other because it would have been disruptive to the flow of business and
care at the hospital. But effort was made to have these reference points align on top of
each other as closely as possible. The reference points for the respective floors were
within about thirty feet of each other in order to accommodate the functioning of the
hospital. However, the offset from one reference point to the other straddled a building
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expansion boundary. That is, as most hospital do, this hospital grew piece-meal over
time and there are locations in the building where new buildings or wings attach to older
buildings or wings. Straddling this boundary resulted in some slight but important shifts
in the axes of the walls and corridors that had to be accounted for when designing the
pointing task. This is because when buildings grow together over time, the alignment of
new and existing construction may be slightly non-square at the transitions between
buildings. In the future, it is best to avoid locating any reference points at building
separation boundaries.
Fourth, the use of a digital compass to align the pointing task measuring device
ultimately proved problematic for two of twenty-four data collection sessions. In the
future, it would be best to use a method of lining up the pointing task measuring device
that does not rely on a magnetic compass because there are ever-shifting magnetic fields
in hospitals as equipment are turned on and off and moved around.
Future Work
This study represents a good foundation and first foray into studying wayfinding
in complex, indoor environments. The most obvious next step is to collect more data in
order to determine if additional data brings clarity and significance to the results. Large,
regional hospitals in Charlotte, NC, and Atlanta, GA, are the closest logical opportunities
to gather additional data on patient transport personnel that may be comparable to the
data collected at the Greenville Health System’s main campus facility. Beyond extending
the existing study, it would be interesting to add methods for assessing neural activity,
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e.g. a portable EEG device, to the participants in order to understand how cognitive
processing of wayfinding tasks changes as a result of experience.
Future work will also likely include an analysis of the data per target location
rather than per participant. That is, rather than averaging a participant’s scores across all
targets to develop a mean score per participant, it would be interesting to average all
scores of participants for each target and then compare results per target. In particular, it
would be interesting to compare performance locating what may be considered
occupational landmarks, such as patient elevators, versus performance locating other
targets that are not occupational landmarks, to see if there are differences in accuracy and
efficiency.
Lastly, though the results were non-significant, the shapes of the scatterplots are
generally suggestive of a non-linear, inverse relationship between Experience and Survey
Knowledge Accuracy as measured by error, a non-linear relationship between Experience
and Route Knowledge Accuracy as measured by correctly drawn maps, and a non-linear,
inverse relationship between Experience and Route Knowledge Efficiency as measured
by PAO route length. The results at least suggest that more data collection is warranted
to fully test these hypotheses. At a minimum, the existing data set contributes useful
descriptive measures of survey knowledge and route knowledge to the body of literature.
Furthermore, there is value in comparing the descriptive statistics of this study to the
descriptive statistics of other studies that use these same constructs.
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APPENDIX

FORM A1: INFORMATION SHEET
A draft of the GHS Information Sheet appears on the next two pages.
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FORM A2: SCREENING WORKSHEET
Name

Date

Time

Interviewer

1. How long have you been a patient transporter here at the GHS main campus?
(please state your answer by telling me the month and year that you started in
this role at GHS)

2. During this time, have you taken breaks from being a patient transporter?

a. If so, when did your break from this role start?
b. When did it end?

3. Have you ever been a patient transporter at another facility?
a. If so, what month and year did you begin?
b. What month and year did you end?

4. Roughly how many patients do you transport per shift?

5. Do you have experience transporting patient throughout the patient areas of the
hospital?

6. Are you color blind?
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FORM A3: MASTER PARTICIPANT LIST
Participant #
Pilot 1

Participant Name

Pilot 2
Pilot 3
Pilot 4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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FORM A4: PARTICIPANT LOG
Participant #
Pilot 1

Months of
Experience

Estimated
Patient’s
Transported/Shif
t

Pilot 2
Pilot 3
Pilot 4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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Transports
Patients
Throughout
Hospital (Y/N)

Color blind (Y/N)

FORM B1A: TRAINING
DEMONSTRATION DATA COLLECTION
SHEET
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Origin Order: Central Patient Transport (CPT) Zone A => CPT Zone B
ORIGIN: Zone A
Order

Task

Order Location

Completed (Y/N)

Engineering
Morgue

SK:
Pointing

Engineering
Morgue

SK:
Map

Engineering

RK:
Diagram

Morgue
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Angle

FORM B1B: TRAINING
DEMONSTRATION MAP TASK
INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Here is a large sheet of paper and a set of 10 labeled stickers. Please use this sheet of
paper and these stickers to indicate the locations of the places listed.
First, review all of the place names, like this. Next, imagine that the entire map of this
floor of the hospital fits on this sheet of paper, like this. Then place the stickers on the
sheet of paper to indicate the locations of the places within the map of this floor of the
hospital, like this. For instance, in order to place the sticker that represents the
Engineering Department, you will imagine the location and orientation of the
Engineering Department relative to your imagined map of the hospital floor filling this
sheet, like this. Similarly, you will imagine the location and orientation of the morgue
relative to your imagined map of the hospital floor filling this sheet of paper, and place
the sticker, like this. If you make a mistake, you can move a sticker, like this, or cross it
out and the researcher will give you a replacement sticker to use.
Engineering Department (Blue)
Morgue (Green)
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FORM B1C: TRAINING
DEMONSTRATION ROUTE DIAGRAM
INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to the Engineering Dept.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM B1D: TRAINING
DEMONSTRATION ROUTE DIAGRAM
INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to the Morgue.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM B2A: TRAINING PRACTICE
DATA COLLECTION SHEET
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Origin Order: Central Patient Transport (CPT) Zone A => CPT Zone B
ORIGIN: Zone A
Order Task Order

Location

Completed (Y/N)

Morgue
Closest Stairwell

SK:
Pointing

Central Patient
Transport

Morgue
Closest Stairwell

SK:
Map

Central Patient
Transport

Morgue
Closest Stairwell

RK:
Diagram

Central Patient
Transport
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Angle

FORM B2B: TRAINING PRACTICE MAP
TASK INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Here is a large sheet of paper and a set of 10 labeled stickers. Please use this sheet of
paper and these stickers to indicate the locations of the places listed.





First, review all of the place names.
Next, imagine that the entire map of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the location of the places
within the map of this floor of the hospital.
For instance, in order to place the sticker that represents the closest stairwell,
imagine the location and orientation of the closest stairwell relative to the
imagined map of the hospital filling the sheet of paper and place the sticker at the
location you imagine the closest stairwell exists within the map. If you realize
that you need to move a sticker, then remove the sticker from the paper and place
it in a new position. If you cannot remove the sticker, then cross it out with a pen
and ask the researcher for a replacement sticker. Then place the replacement
sticker on the map where you imagine it belongs.
Morgue (Black)
Closest Stairwell (Orange)
Central Patient Transport (Blue)
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FORM B2C: TRAINING PRACTICE
ROUTE DIAGRAM INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to the morgue.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM B2D: TRAINING PRACTICE
ROUTE DIAGRAM INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to the morgue.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM B2E: TRAINING PRACTICE
ROUTE DIAGRAM INSTRUCTIONS
Participant #

Date

Consented

Time

(Y/N)

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to the closest stairwell.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur
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FORM B2F: TRAINING PRACTICE
ROUTE DIAGRAM INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Please draw the route from your present location and orientation to Central Patient
Transport.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1A: 1ST FLOOR DATA
COLLECTION SHEET
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Origin Order:
ORIGIN: Adjacent to Gift Shop
Order

Task

Order

Location

Completed (Y/N)

Women’s Gift Shop
SK: Pointing

Patient Elevators
MRI ZONE II
UltraSound 2
Critical Care
Main Reception
RCP Elevators
CT Scan 2
Main Discharge Doors

Women’s Gift Shop
Patient Elevators
MRI ZONE II
UltraSound 2
Critical Care
SK: Map

Main Reception
RCP Elevators
CT Scan 2
Main Discharge Doors

Cancer Center
Special Procedures
RK:
Diagram

Chest Pain Center
MIP Elev.
ER
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Angle

FORM C1B: 1ST FLOOR DATA
COLLECTION MAP TASK
INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Here is a large sheet of paper and a set of 10 labeled stickers. Please use this sheet of
paper and these stickers to indicate the locations of the places listed.





First, review all of the place names.
Next, imagine that the entire map of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the locations of the places
within the map of this floor of the hospital.
If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.
Patient Elevators (Black)
Women’s Gift Shop (Silver)
MRI Zone II (Blue)
Ultrasound II (Dark Pink)
Critical Care (Brown)
Main Reception (Orange)
RCP Elevators (Green)
CT Scan (Red)
Main Discharge Doors (Light Pink)
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FORM C1C: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor
1

Origin

Destination

Women’s Gift Cancer Center
Shop

Identifier

Completed
(Y/N)

RKD 1 1

Please draw the route from your present location and orientation to the Cancer Center.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1D: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

1

Women’s Gift
Shop

Special
Procedures

RKD 1 2

Completed
(Y/N)

Please draw the route from your present location and orientation to the Special
Procedures.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1E: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

1

Women’s Gift
Shop

Chest Pain
Center

RKD 1 3

Completed
(Y/N)

Please draw the route from your present location and orientation to the Chest Pain Center.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1F: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

1

Women’s Gift
Shop

MIP Elevator

RKD 1 4

Completed
(Y/N)

Please draw the route from your present location and orientation to the Marshall Pickens
Elevator.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1G: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

1

Women’s Gift
Shop

Emergency
Room

RKD 1 5

Completed
(Y/N)

Please draw the route from your present location and orientation to the Emergency Room.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C1H: 1ST & 3RD FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
QUESTIONNAIRE
Participant #

Floor

Origin

Destination

Identifier

1

Completed
(Y/N)

RKD Q

Please state why you diagrammed the route as you did for all of the routes you
diagrammed using the questionnaire below. Please also answer the two questions about
map use.
Women’s Gift shop to Cancer Center
Women’s Gift shop to Special Procedures
Women’s Gift shop to Chest Pain Center
Women’s Gift shop to MIP Elevator
Women’s Gift shop to Emergency Room
Door to Support Tower to RCP Patient Room 3918
Door to Support Tower to Cath Lab
Door to Support Tower to Patient Room 3401
When you trained to become a Patient Transporter, did you study maps of the hospital?
If yes, what kind of maps? How much did you study them?
Do you currently use maps of the hospital to help you navigate?
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FORM C2A: 3RD FLOOR DATA
COLLECTION SHEET
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Origin Order:
ORIGIN: Adjacent to Support Tower Elevator
Order

Task

Order

Location

Completed/Labeled (Y/N)

Door to Support Tower
Patient Room 3304
Echo Lab
Cath Lab Prep
SK:
Pointing

Patient Room 3414
RCP Elevators
Pathology
Cardiology Research
Patient Elevators

Door to Support Tower
Patient Room 3304
Echo Lab
Cath Lab Prep
SK:
Map

Patient Room 3414
RCP Elevators
Pathology
Cardiology Research
Patient Elevators
RCP Patient Room 3918

RK:
Diagram

Cath Lab
Patient Room 3401
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Angle

FORM C2B: 3RD FLOOR DATA
COLLECTION MAP TASK
INSTRUCTIONS
Participant #

Date

Consented
(Y/N)

Time

Trained (Y/N)

Data
Collector

Here is a large sheet of paper and a set of 10 labeled stickers. Please use this sheet of
paper and these stickers to indicate the locations of the places listed.





First, review all of the place names.
Next, imagine that the entire map of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the location of the places
within the map of this floor of the hospital.
If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.
Door to Support Tower (Silver)
Patient Elevators (Black)
Patient Room 3304 (Blue)
Echo Lab (Dark Pink)
Cath Lab Prep (Brown)
Patient Room 3414 (Orange)
Roger C. Peace Elevators (Green)
Pathology (Red)
Cardiology Research (Yellow)
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FORM C2C: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

3

Door to
Support Tower

RCP Patient
Room 3918

RKD 3 1

Completed
(Y/N)

Please draw the route from your present location and orientation to the RCP Patient
Room 2906.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C2D: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor

Origin

Destination

Identifier

3

Door to
Support Tower

Cath Lab

RKD 3 2

Completed
(Y/N)

Please draw the route from your present location and orientation to the Cath Lab.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM C2E: 1ST FLOOR DATA
COLLECTION ROUTE DIAGRAMMING
INSTRUCTIONS
Participant #

Floor
3

Origin

Destination

Door to
Patient Room
Support Tower
3401

Identifier

Completed
(Y/N)

RKD 3 3

Please draw the route from your present location and orientation to the Patient Room
3401.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
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FORM D1: TRAINING
DEMONSTRATION SCRIPT
Consent
Please read this consent form and let me know if you have any questions. If, after
reading the consent form, you are willing to proceed, please sign and date the consent
form.
(after the participant consents) Would you like a copy of the consent form?
Task Training: Demonstration
Pointing Task
Please use this protractor to point toward the locations of the places I name.
I’ll demonstrate. If I tell you to point toward the Engineering Department next to the
Central Patient Transport office, you will adjust the leg of the metal protractor like this.
(data collector demonstrates pointing)
NOTE: During training, the data collector will demonstrate that after the participant
points the protractor, the researcher will approach it and read and record the
angular measure.
Mapping Task
Here is a large sheet of paper and a set of labeled stickers. Please use this sheet of paper
and these stickers to indicate the locations of the places listed.
First, review all of the place names.
Next, imagine that the entire map of this floor of the hospital fills this sheet of
paper.
 Then place the stickers on the sheet of paper to indicate the location of the places
within the map of this floor of the hospital.
 If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.
(data collector demonstrates placing stickers)
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Route Diagramming Task
Please use this sheet of paper and this pen to draw a diagram indicating the route you
would take to get from our current position to each of the places listed on the piece of
paper.
I’ll demonstrate. Please place a big dot at your current location (starting point) and a big
triangle at your destination (ending point) and indicate the locations of intersections and
turns along the route by marking “X”’s on the route where the intersections and turns
occur. (data collector demonstrates diagramming a route)
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FORM D2: TRAINING PRACTICE
SCRIPT
Task Training: Practice
After the consent process completes, the researcher and participant will walk from the
Central Patient Transport office to a location in the corridor approximately 50 feet west
of the Staff Elevators. The researcher will orient the participant to stand parallel to the
doorway into the (unseen) Patient Elevators bank and will lead the participant through the
following training activities.
Pointing Task
Please point the protractor leg toward the following locations:




morgue
Closest Stairwell
Central Patient Transport

(NOTE: Researcher demonstrates recording angular measure after each task instance.)
Mapping Task





First, review all of the place names.
Next, imagine that the entire outline of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the locations of the places
within the outline of this floor of the hospital.
If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.

Route Diagram Task
Please draw the route from your present location and orientation to:
 morgue
 Closest Stairwell
 Central Patient Transport
Please indicate the locations of intersections along the route by marking “X”’s on the
route where the intersections occur.
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FORM D3: 1ST FLOOR DATA
COLLECTION SCRIPT
Data Collection: First Floor
Pointing Tasks
Please point the protractor leg toward the following locations: Patient Elevators, MRI
ZONE II, UltraSound 2, Critical Care, Main Reception, RCP Elevators, CT Scan 2, Main
Discharge Doors.
Mapping Task





First, review all of the place names.
Next, imagine that the entire outline of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the locations of the places
within the outline of this floor of the hospital.
If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.

Stickers indicate the following locations for the first floor: Patient Elevators, MRI ZONE
II, UltraSound 2, Critical Care, Main Reception, RCP Elevators, CT Scan 2, Main
Discharge Doors.
Route Diagramming Task
On each of these sheets of paper, there is the name of a target destination.
Imagine that you will now walk from here to that destination in order to transport a
patient.
On each sheet, please draw the route from your present location and orientation to the
target destination listed on that sheet.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
The routes for the first floor are from the Women’s Gift Shop to: Cancer Center, Special
Procedures, Chest Pain Center, MIP Elevator, Emergency Room.
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FORM D4: 3RD FLOOR DATA
COLLECTION SCRIPT
Data Collection: Third Floor
Pointing Tasks
Please point the protractor leg toward the following locations: Patient Elevators, Patient
Room 3304, Echo Lab, Cath Lab Prep, Patient Room 3414, RCP Nurse’s Design,
Pathology, Cardiology Research.
Mapping Task





First, review all of the place names.
Next, imagine that the entire outline of this floor of the hospital fills this sheet of
paper.
Then place the stickers on the sheet of paper to indicate the locations of the places
within the outline of this floor of the hospital.
If you realize that you need to move a sticker, then remove the sticker from the
paper and place it in a new position. If you cannot remove the sticker, then cross
it out with a pen and ask the researcher for a replacement sticker. Then place the
replacement sticker on the map where you imagine it belongs.

Stickers indicate the following locations for the third floor: Door to the Support Tower,
Patient Elevators, Patient Room 3304, Echo Lab, Cath Lab Prep, Patient Room 3414,
RCP Nurses’ Desk, Pathology, Cardiology Research.
Route Diagramming Task
On each of these sheets of paper, there is the name of a target destination.
Imagine that you will now walk from here to that destination in order to transport a
patient.
On each sheet, please draw the route from your present location and orientation to the
target destination listed on that sheet.
Please place a big dot at your current location (starting point) and a big triangle at your
destination (ending point) and indicate the locations of intersections and turns along the
route by marking “X”’s on the route where the intersections and turns occur.
The routes for the third floor are from the door to the Support Tower to: Patient Room
3401, Cath Lab, and Patient Room 3918.
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